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A wide bandwidth, low profile, double sided, wide angle impedance 
matching metasurface is reported. It alleviates the well-known problem 
of impedance mismatch caused by mutual coupling when an array is in its 
scan mode. Each unit cell of the metasurface contains two multi- 
resonant, tightly-coupled unequal arm Jerusalem cross elements on the 
top and bottom sides of a thin substrate. Each element consists of two 
orthogonal capacitively loaded strips. The wide bandwidth of the 
metasurface is achieved by tightly coupling these multi-resonant 
elements. The metasurface is capable of facilitating wide angle scanning 
over a 6:1 impedance bandwidth without the need for bulky dielectrics or 
multi-layered structures. 


Index Terms: Bandwidth, metasurfaces, phased arrays, tightly coupled 
arrays, wide angle impedance matching, wide bandwidth arrays. 
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> Motivation 
> Tightly Coupled Antenna Array 


>» Wide Angle Impedance Matching Techniques 
e Recent Designs 
e New MS-WAIM 





e MS-WAIM Integrated with TCAA 
> Conclusion 
> References 
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Motivations: 


1. Increasing bandwidth hungry applications such as: 


Radio Telescopes, Synthetic Aperture Radar, Radar, MIMO, Electronic Warfare 
(EW) Systems. 


e UWB phased arrays with superior scanning capabilities desperately needed 










Te Square Kilometre Array (70 to 450 MHz/ 10 GHz) 


a .OoO fF 20 
2. Shrinking size of antenna platforms 
e Wideband multifunctional antennas to replace multiple 
antennas 


“Ultra-wideband aperture array element design for low frequency radio astronomy,’ IEEE Transactions on Antennas and 
Propagation, vol. 59, no. 6, pp. 1808-1816, 2011. 
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UWB Tightly Coupled Antenna Array 


>From Wheeler Uniform Current Sheet 


Concept: << air box 
Y Subwavelength antenna elements 
v The antenna elements are either directly 
connected or capacitively connected 
v Allows field propagation to neighbouring 


elements 4 
v The array acts as a periodically fed single | 
antenna m “pote 


v The currents remain nearly constant with 
frequency over the entire array 
v Wide bandwidth 





array 
ground 
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Wide Angle Impedance Matching 


> WAIM Techniques 


v To minimize the amount of scan loss in phased array antennas 
v To maximize array realized gain at those angles and frequencies 


> Scan Loss 


v Due to changes in mutual coupling with scan angle and frequency 
o (feed region) 

v Due to mismatch at the aperture—air interface (Focus) 
O (free space region) 

Y Leads to variation in the array’s active impedance 

v Causes reduction in array realized gain 

v Reduces range of scan angles 







UTS:ENGINEERING AND dai jf -= eng.uts.edu.au 
INFORMATION TECHNOLOGY gi (| | it.uts.edu.au 
10/04/2018 A. 


Recent WAIM Designs 





Dielectric [1] 
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> Scans to 75 deg. In E-Plane 
Scans to 45 deg. > Wideband - > 6:1 
Wideband - > 7.3:1 > Increases profile - 


Array blindness for certain angles vertically oriented 
when too thick or £, too high elements 

Heavy and Bulky 

Arbitrary permittivity values not 

readily available 


Scans to 70 deg. In H-Plane 
Low profile 

20 % bandwidth 
Suspended in air 
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MS-WAIM Requirements 





Requirements 
1. Thin and Light weight 
Wide angle scanning - E and H planes 
Wide bandwidth 
Minimal loss 


Little transmission phase variation with frequency during scan 
o To produce the same output response 


2 i 
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MS-WAIM Structure and Operation 





Structure 
Y Composed of TC-UAJC elements 
v Tuned (L and C) to resonate away from frequencies of 
interest 
o To avoid high loss regions around resonance 
Y Top and bottom elements rotated 90 deg. relative to 
each other 
o Increased overall symmetry 





€.=2.2 h „= 0.254 mm 





Dimensions 





Fig. 1. DS-MS unit cell geometry. (a) Top view. (b) 3D view. mi 
The direction of propagation of the exciting wave is along the z-axis. L, L 3 L 4 L; Li 
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MS-WAIM Structure and Operation 


Operation 


v 


v 


Reduces the array input impedance for 
easier matching 

Introduces a capacitive reactance to 
counteract the effects of the array ground 


plane’s inductive reactance 
O minimizing the variation of the array’s active 
reflection coefficients at wider scan angles 


Transforms the waves emanating from the 
antenna array into plane waves 
Wideband, low loss, impedance and 
waveform transformer between the array 


aperture and free space 
o Increased inter- and intra-element capacitance 
e Wheeler concept 
o Multi-resonant elements 


UTS:ENGINEERING AND 


INFORMATION TECHNOLOGY 


10/04/2018 







ee 








The Electric field distribution along the y-z 
plane for the lumped port fed unit cell. 
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MS-WAIM Design and Analysis 


Simulation details: 

> Frequency range of interest: (0 - 5) GHz) 

> Master/Slave PBC: x and y directions of Fig. 1 

> Plane of incidence: y-z plane 

> Direction of propagation: z-direction 

> TM,, and TE,,: for scanning in the y-z and x-z planes respectively 
> TM,,: parallel polarized - electric field along y-direction 

> TE,,: perpendicularly polarized - electric field along x-direction 
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MS-WAIM Design and Analysis 





Base Design - |S| parameters 
v To obtain maximum transmission and 
minimum reflection (Fig. 2) 


[8,31 (4B) 





v TE and TM resonances coincide for |S21| and Ü iis an 


dA 


|S11| due to symmetry (Fig. 2) 
v A plane wave incidence is assumed throughout 
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S| (dB) 
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© S Fig. 2. Magnitudes of the S-parameters for the TE, and TM, 
= © excitations of the DS-MS. 
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o No scanning improvement 


Fig. 3. Transmission phase variation with frequency for the different angles 
of incidence and polarizations. (a) TM polarization. (b) TE polarization. 
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Parameter Extraction - TM 
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Fig. 4. Extracted parameters of the DS-MS for the TM excitation. (a) Effective impedance. (b) Effective refractive index. (c) 
Effective permittivity and effective permeability at the frequencies of interest and (d) across the whole band. 
> sand ware constant over the (0 — 5) GHz frequency range 


> w=0 and near zero index (NZI) medium 
v Can be used in other applications if the reflectivity is increased 
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IS, | (dB) - TE incidence 





Measurement of Base Design - SSMS 
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Fig. 5. Simulated and measured transmission and reflection results for the MS. (a) Return loss — TE incidence. (b) Return loss - TM incidence. (c) 
Insertion loss - TE incidence. (d) Insertion loss - TM incidence. 
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5x5 MS inside Array Unit Cell 






z1 = 4.0 mm, y1 = 4.0 mm, y2 = 8.0 mm, y3= 1.0 mm, hair = 6.76 mm, 
hgnd = 28.25 mm, h = 1.016 mm, dx = dy = 24.0 mm 




















Fig. 6. TCAA integrated with the MS. (a) Side view of a unit cell with vertically oriented dipole arms printed on opposite sides of the PCB. Blue = top 
layer, orange = bottom layer, purple = overlap with adjacent elements. (b) Expanded top view of the modified MS within one unit cell. (c) Perspective 
view of the unit cell. 
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5x5 MS in Array Unit Cell 


Vv Interaction is in the near field 


v Inter-element (L2 and r1), intra-element (g1 and g2), and radiator-MS 
interactions (hair ) needs to be adjusted to act as WAIM 

v Final optimized MS dimensions are: r1 = 1.59 mm, g1 = 0.9774 mm, g2 = 
0.2384 mm, L2 = 4.4568 mm, hair = 6.761 mm 








With and without MS-WAIM 
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5x5 MIS in Array Unit Cell 





E-Plane and H-Plane Scans 


VSWR _Eplane 
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5x5 MS in Array Unit Cell 





Comparison with Existing Designs 








TABLE I 
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[3] T. R. Cameron and G. V. Eleftheriades, "Analysis and Characterization of a Wide-Angle Impedance Matching Metasurface 
for Dipole Phased Arrays," in IEEE Transactions on Antennas and Propagation, vol. 63, no. 9, pp. 3928-3938, Sept. 2015. 


[4] Sajuyigbe, S. et al. Wide angle impedance matching metamaterials for waveguide-fed phased-array antennas. IET 
Microw. Ant. & Propag. 4, 1063—1072 (2010). 
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Conclusion 


> A thin and light MS-WAIM has been designed 


>» Scan to 72° along the E plane and 80° along the 
H-Plane 


>6:1 Bandwidth 


>» Simple structure and single layered substrate 
> Low loss 





> Low profile 
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